INTRODUCTION
============

Cerebral palsy is a nonprogressive impairment that occurs in the brain of fetus or infant and is a clinical syndrome that induces activity limitation by causing disabilities in movement and posture ([@b20-jer-14-6-998]). Cerebral palsy has symptoms of muscle tone and neuromotor disabilities due to damage to the brain ([@b13-jer-14-6-998]), as well as muscle weakness, inappropriate movement velocity, increase in energy consumption during activities and degradation of the functions of heart and lung, etc. ([@b3-jer-14-6-998]). In particular, children with cerebral palsy are not able to appropriately control the inspiration and expiration cycle due to dysfunction of respiration muscles and displays accompaniment of respiratory muscle weakness due to the abnormal movement of diaphragm and costovertebral joint. Due to these problems, secondary medical problems including aspiration pneumonia, reduction in airway clearance ability, purulent diseases, thoracic scoliosis, and blocking of upper respiratory tract, etc. are manifested ([@b11-jer-14-6-998]). Therefore, breathing problems in children with cerebral palsy are related to the reduction in the mobility and structural deformation of rib cage due to poor activities of respiratory muscles, although the brain damage in itself is not the cause ([@b10-jer-14-6-998]). That is, since the muscles in the chest are weakened and voluntary breathing capabilities are reduced due to limited rib cage mobility ([@b16-jer-14-6-998]), such reduction in respiratory function is related to the limitation in the physical performance levels ([@b8-jer-14-6-998]).

Although children with cerebral palsy display significant difference in general respiratory function test in comparison to normal children of same age ([@b25-jer-14-6-998]), it is very difficult to evaluate the breathing capabilities of children with cerebral palsy with weakened respiratory muscles and problems in muscular coordination in actual clinical situations ([@b21-jer-14-6-998]). In particular, they tend to rely on the functions of diaphragm completely due to insufficient development of appropriate ventilatory function, and weak movements of intercostal muscles and mediastinum during neonatal and infant stages ([@b17-jer-14-6-998]). As such, if diaphragm, which is the main muscle in breathing, is damaged, serious problems related to breathing occur ([@b7-jer-14-6-998]). Therefore, it is known that functional evaluation of diaphragm movement that contributes to the periodic breathing pattern is clinically very important ([@b1-jer-14-6-998]), assessment of diaphragm, which is a composite thoracic-abdominal muscle is relatively very difficult. Accordingly, evaluation of diaphragm movement by using diagnostic ultrasonic M-mode imaging device is not only a method that can be applied to participants noninvasively but also a measurement tool with the advantage of being able to relatively easily find the dysfunctions of diaphragm ([@b9-jer-14-6-998]).

According to evaluation with diagnostic ultrasonic imaging device, it is reported that although the contraction of diaphragm at the time of normal in halation appears as upward flexion under the projection image since it moves towards the ultrasonic converter, relaxation of diaphragm at the time of expiration appears as downward flexion under the projection image since it moves in the opposite direction of ultrasonic converter with assuming of sharply pointed shape at the conversion zone at the last ([@b2-jer-14-6-998]). The range of normal diaphragm movement needs to be greater than 4mm and it can be deemed to have normal range if there is difference of less than 50% in the dimensions of diaphragm movement on both sides. However, in the case of diaphragm dysfunction, it is bent upward at the time of inspiration and bent downward at the time of expiration with creation of gently bent shape in the conversion zone, as well as corresponds to the cases in which the difference between the dimensions of diaphragm movement on the both sides is more than 50% with the range of the diaphragm movement below 4 mm. Lastly, if diaphragm is paralyzed, it is downward flexed at the time of inspiration and upward flexed at the time of expiration, thereby creating gently bent shape in the conversion zone as well as generation of diverse differences not only in the range of diaphragm movement but also is the dimensions of diaphragm movement on both sides, in contrast to the contraction of normal diaphragm ([@b23-jer-14-6-998]).

Although the aforementioned ultrasonic imaging device for diagnosis is used clinically for evaluation of diaphragm movement, there are only reports of preceding researches on some of the patients including the research on children suspected of diaphragm paralysis ([@b19-jer-14-6-998]) and evaluation of dimensions of diaphragm movement of adult hemiplegia patient by using ultrasonography ([@b6-jer-14-6-998]; [@b24-jer-14-6-998]), etc. As such, there is substantial lack of research that compares diaphragm movements by using ultrasonic imaging device on children with cerebral palsy. Therefore, the purpose of this study is to analyze the correlation between the dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the Gross Motor Function Classification System (GMFCS) levels, and to determine whether the diagnostic ultrasonic M-mode imaging device is useful measurement equipment in evaluating the extent of breathing of children with cerebral palsy as participants.

MATERIALS AND METHODS
=====================

Participants and design
-----------------------

This study was executed as correlation study to investigate the correlation between the dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the GMFCS levels on children with cerebral palsy as the participants. Prior to the execution of this study, approval of the bio-ethics review committee of Dong-eui University that we will be responsible for the protection of the human rights, dignity and safety of the participants was acquired (IRB No. DIRB-201601-HR-R-003).

Forty-three children with cerebral palsy as the research participants were divided into three groups, namely the stages I, II, and III through systematic stratified random sampling in accordance with their GMFCS levels. The detailed selection criteria for the research participants included the following. First, children in the age range of 5--13 years diagnosed with cerebral palsy of spastic type by specialist in rehabilitation medicine/neurosurgery. Second, children with GMFCS levels of I--III. Third, children capable of performing measurement test in accordance with the instructions of the researcher. Fourth, children with no difficulty in communicating and interacting with the researcher. General characteristics and past medical histories of the participants are given in the [Table 1](#t1-jer-14-6-998){ref-type="table"}.

After having explained the purpose, method, risks, and inconveniences of the research in detail to the research participants and guardian (legal representative) prior to the commencement of this study, signed "letter of consent of research participants" that they are participating in this study voluntarily were acquired.

Measurements
------------

Dimensions of diaphragm movement of the participants were measured by using diagnostic ultrasonic imaging device (Aloka, SSD-3500X; Aloka Co. Ltd., Tokyo, Japan) with M-mode option. Firstly, children with cerebral palsy were instructed to lie down in supine posture on examination table and sufficient quantity of ultrasonic gel was spread on probe and skin in abdomen. Accurate location of diaphragm of the child with cerebral palsy was confirmed through the ultrasonic image and palpation of the operator ([@b23-jer-14-6-998]). While the children with cerebral palsy were performing spontaneous breathing and deep breathing, dimensions of hemidiaphragm movement in the body section of the dominant arm was measures 3 times repetitively by using 3.5- to 5-MHz ultrasonic frequency, and mean value of the measurements was computed. However, measurement of the dimensions of diaphragm movement was performed by a single operator who sufficiently learned and practiced the methods of using diagnostic ultrasonic imaging device in advance in order to minimize the difference between the operators using the measurement device and to secure the consistency of measurement results.

The respiratory function of children with cerebral palsy was measured by using Spirometer Pony FX (Cosmed Ltd., Albano Laziale, Italy) after having confirmed that the health states of the children are fair. In addition, repetitive education on children with cerebral palsy was performed in advance in order for them to properly understand the measurement devices and methods, and to accurately perform the measurement procedures. Respiratory functions were measured after having instructed the children with cerebral palsy to sit on chair with back support while wearing clothes that allowed comfortable movement of their body. Children with cerebral palsy were then instructed to take 3--4 natural breathe as they would in their daily life activities before taking deepest and quickest inspiration and expiration possible in order to measure forced vital capacity (FVC), forced expiratory volume at 1 sec (FEV~1~), and peak expiratory flow (PEF). In particular, precautions were taken to ensure that there is no occurrence of coughing, leaking of air and erroneous start, etc. at the time of breathing with the Guidelines of American Thoracic Society as the reference. After having taken 3 repetitive measurements, optimal measurement value was selected.

After having completed the respiratory function tests on children with cerebral palsy, the participants were allowed to have rest over sufficient period of time to prevent fatigue in respiration muscles and dizziness arising from repeated measurements. Respiration pressure was measured while the children with cerebral palsy were inhaling and exhaling as they would during normal daily activities by keeping the mouthpiece to the lips as closely as possible to ensure there is no leakage of air. For the maximal inspiratory pressure, the participants were instructed to maintain deepest and fasted inspiration possible for more than 2 sec until signal sound is heard from the measurement equipment after having put on the nose clip on the participant when exhaling maximally as close to the residual air volume as possible. For the maximal expiratory pressure, the participants were instructed to maintain deepest and fasted expiration possible for more than 2 sec until signal sound is heard from the measurement equipment after having put on the nose clip on the participant when inhaling maximally as close to the total lung capacity as possible.

However, measurement of the dimensions of diaphragm movement, respiratory functions and pressures of the participants by using the aforementioned two diagnostic equipment was performed by a single operator who sufficiently learned, familiarized with and practiced the methods of using both of the equipment in advance in order to minimize the error of the operator in the resultant values, and to secure the reliability of the measurement results. In addition, the guardian (legal representative) of the participant was allowed to be present at the time taking measurements with aforementioned diagnostic equipment.

Statistical analysis
--------------------

Data obtained in this study was analyzed by using IBM SPSS Statistics ver. 25.0 (IBM Co., Armonk, NY, USA), and the significance level to verify statistical significance was set at 0.05. General characteristics of the research participants were computed by means of frequency and descriptive statistics with the parametric method after having confirmed the normality of measurement variables through Kolmogorov--Smirnov analysis. One-way analysis of variance was performed to analyze the difference in the dimensions of diaphragm movement, respiratory functions and pressures between the three groups in accordance with the GMFCS levels of the participants. Boneferroni test was used for *post hoc* analysis. In addition, Pearson correlation analysis was executed to examine the correlation between dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the GMFCS levels of the participants.

RESULTS
=======

The results of comparative analysis of the mean values of the dimensions of diaphragm movement, respiratory functions and respiratory pressures between the three groups in accordance with the GMFCS levels of the participants are presented in the [Table 2](#t2-jer-14-6-998){ref-type="table"}.

There were significant differences in all of dimensions of diaphragm movement, respiratory functions and pressures of the participants between the three groups in accordance with the GMFCS levels (*P*\<0.01). As the results of post-hoc verification of the dimensions of diaphragm movement, there were significant differences in spontaneous breathing and deep breathing between GMFCS levels I and III, and between GMFCS levels II and III. As the results of *post hoc* verification of the respiratory functions, there were significant differences in FVC, FEV~1~, and PEF between GMFCS levels I and II, between GMFCS levels I and III, and between GMFCS levels II and III. As the results of *post hoc* verification of the respiratory pressures, there were significant differences between GMFCS levels I and III, and between GMFCS levels II and III.

Results of correlation analysis between the dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the GMFCS levels of the participants are given in the [Table 3](#t3-jer-14-6-998){ref-type="table"}. There was no significant correlation between the dimensions of diaphragm movement, and respiratory functions and pressures in all of the three groups in accordance with the GMFCS levels of the participants (*P*\<0.05).

DISCUSSION
==========

Motor function disorders of children with cerebral palsy are important factors that interfere with the development and restoration of motor functions as well as further aggravating their participation in social activities since they induce paralysis of respiration muscles, abnormally distorted chest, limitations in physical activities and delay in the development of cardiorespiratory system ([@b5-jer-14-6-998]). According to the recent research, since the participants with the ambulation capability to perform intense activities diversely can maintain breathing related to physiological functions ([@b15-jer-14-6-998]; [@b22-jer-14-6-998]), it is asserted that ambulation capability is very important in maintaining and developing respiratory functions. In the results of this study, all of the respiratory functions (FVC, FEV~1~, and PEF) and respiratory pressures (MIP and MEP) of children with cerebral palsy were found to be significantly higher in GMFCS levels I and II groups in comparison to those of GMFCS level III group. Majority of the children with cerebral palsy in the GMFCS levels I and II groups are able to perform independent ambulation as well as participate in social activities either without any limitation or with some limitations. Since the increase in the motor functions for physical activities enables relatively high efficiency of physiological capacity, it is possible to improve the breathing capabilities ([@b12-jer-14-6-998]). However, children with cerebral palsy in the GMFCS level III group who can move about only when they use manual or motorized wheelchair, or hand-operated walking assistance devices such as walker not only lack in cardiorespiratory functions due to limited movement and low level of physical activities but also has relatively high oxygen demand due to low level of physical exercises. Accordingly, such children display insufficient respiratory functions and pressures.

Research by [@b14-jer-14-6-998], similar to this study, reported that children with cerebral palsy in GMFCS level III group had significantly low respiratory functions and pressures in comparison to those of the children with cerebral palsy in GMFCS levels I and II groups. However, although the preceding research reported that children with cerebral palsy in GMFCS levels I and II groups did not display significant differences in the respiratory functions and pressures due to similar capabilities for physical activities, this study found significant differences in the respiratory functions and pressures between these two groups. Several previous researches reported that respiratory functions and muscle strengths of children with neurological disorder are closely related to extent of daily life activities performed and functional motor abilities ([@b4-jer-14-6-998]; [@b25-jer-14-6-998]). In my opinion, such differences when compared with the findings of the preceding researches is deemed to be the results of the existence of detailed differences when comparison is made from the perspectives of environmental factors, use of auxiliary equipment and participation in social activities, although the levels of the physical activities of the children with cerebral palsy are similar between the two groups. That is, majority of the children in GMFCS level I group are capable of walking under most environments, can walk up and down stairs without having to hold onto the railing and participated in sports activities, although not in complete manner. On the other hand, children in GMFCS level II group can participate in sports activities including ambulation only if they are equipped with auxiliary equipment in accordance with the environment and personal situations.

Since diaphragm, the main muscle involved in breathing, is in charge of approximately 70% of inspiration at the time of physiologically stable breathing if it is normal ([@b18-jer-14-6-998]), functional evaluation of diaphragm is clinically very important since it is a composite muscle in the thoracic abdominal area in relation to respiratory function ([@b1-jer-14-6-998]). In particular, since children with cerebral palsy breathe when moving by pulling the head and chin back, raising the rib cage upward asymmetrically and while having the mouth opened, it is difficult to structurally and functionally develop the lung including diaphragm through deep breathing of air into the lung. As the results of this study, there were significant differences in the dimensions of diaphragm movement at the time of both spontaneous breathing and deep breathing between children with cerebral palsy in GMFCS levels I and III, and between GMFCS levels II and III. This is because the functional movements and physical functions of children with cerebral palsy in GMFCS levels I and II groups are relatively inadequate in comparison to the children with cerebral palsy in GMFCS level III group, who are capable of conducting independent ambulation and participation in social activities. That is, this difference is due to reduction in the movement of diaphragm when breathing due to limitation in flexible extension and rotation since children with cerebral palsy displays stiffer rib cage and increased immobility of vertebrate with lower level of physical activities. Furthermore, children with cerebral palsy displays the tendency of insufficient breathing with the xiphoid process portion of the central area of the rib cage becoming strongly sunken rather than moving the rib cage by expanding it in each of the front to back, right and left, and up and down directions at the time of inspiration. This is because the diaphragm, anatomically, is attached to the central tendon by being originated from the xiphoid process, ribs numbers 7--12 and lumbar vertebrates L1--3. That is, since it is more difficult to move the stiff rib cage and vertebrates to inhale when the level of physical activity is lower, there is a tendency of excessively pulling the most flexible xiphoid process section among the various origins of the diaphragm rather than having the diaphragm lowered by being contracted, thereby resulting in the characteristic of sinking of the rib cage. It is deemed that there is no difference in the dimensions of diaphragm movements between children with cerebral palsy in GMFCS II and III groups.

In correlation analysis in accordance with the GMFCS levels of children with cerebral palsy, there was no significant correlation between dimensions of diaphragm movement, and respiratory functions and pressures at the time of spontaneous breathing and deep breathing for all the groups of GMFCS levels I--III. Following childbirth, normal children do not breathe only with the movement of diaphragm without the assistance of other muscles, and thoracic abdominal breathing can be performed only when the muscles of the neck and trunk, and posture control is well developed during the time of being able to roll segmentally and sit on his/her own. This is because child can only perform thoracic abdominal breathing as adults do when the respiratory tract is broadened with lowering of the shoulder and rib cage through the development of muscles in neck and upper arm, and when controlling of head and trunk, particularly the muscles developed through rib cage mobility participate in breathing. That is, in the case of normal children, although diaphragm is the main muscle involved in breathing, abdominal muscles such as intercostal muscles, rectus abdominis, internal and external oblique abdominal muscle, and transverse abdominal muscle are well developed and participate in breathing simultaneously to share roles at the time of inspiration and expiration with diaphragm. This results in overall enhancement of breathing capabilities. However, the participants of this study who are children with cerebral palsy with GMFCS levels of I--III tend to lack in their segmental rotation or dissociated movement of the trunk because they are too spastic to perform completed thoracic abdominal breathing like adults, although they can perform major movement motor functions such as rolling and sitting independently. That is, because children with cerebral palsy displays rising of shoulder and rib cage, stiffness of rib cage and lack of sufficient mobility of vertebrates, they display the symptom of diaphragm strongly pulling the xiphoid process section rather than the muscles of neck and truck participating in breathing. Therefore, this is determined to be the reason for absence of correlation between the increase in the dimensions of diaphragm movement, and respiratory functions and pressures.

This study has several limitations. A limitation of this study was that only a small classification of outcomes that focused on spastic type depending on the form of predominant abnormal movement was measured. Another limitation of this study is that only 5--13 years children classified as GMFCS I--III spastic diplegia, were included in this study and so the results cannot be generalized to other GMFCs groups. This trial was also limited by a relatively small sample size. Further study is needed to identify the correlation between diaphragm movement, and respiratory functions and pressures in accordance in children with cerebral palsy classified as various predominant abnormal movement.

As the results of having conducted this study on children with cerebral palsy, there was no significant correlation between the dimensions of diaphragm movement, and respiratory functions and pressures, although there were significant differences in dimensions of diaphragm movement, and respiratory functions and pressures of between children with cerebral palsy in GMFCS levels I--III. That is, it is not possible to determine the overall breathing capabilities such as respiratory functions and pressures only with the dimensions of diaphragm movement of children with cerebral palsy, and to specifically present the extent of dysfunctions in breathing capabilities. Therefore, it is deemed that although measurement of the dimensions of diaphragm movement of children with cerebral palsy by using diagnostic ultrasonic M-mode imaging device can be considered as auxiliary tool in predicting the breathing capabilities, it cannot be used as independent measurement equipment.
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###### 

General characteristics and medical history of the participants (n=43)

  Characteristic        GMFCS I (n=14)    GMFCS II (n=15)   GMFCS III (n=14)
  --------------------- ----------------- ----------------- ------------------
  Gender, male:female   5:9               6:9               6:8
  Age (yr)              7.35±2.76         7.60±2.79         8.07±2.53
  Height (cm)           112.82±16.10      115.59±16.03      121.86±14.09
  Weight (kg)           21.52±7.34        24.07±8.93        23.59±6.56
  Pregnancy week (wk)   35.50±3.44        34.71±4.14        33.21±4.48
  Birth weight (g)      2,630.67±609.26   2,497.43±701.18   2,187.71±538.16
  Incubator care (wk)   4.00±3.64         4.64±4.95         11.14±19.18

Values are presented as number or mean±standard deviation.

GMFCS, Gross Motor Function Classification System.

###### 

Comparison of the dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the GMFCS levels

  Variable                           GMFCS I (n=14)                                                                                        GMFCS II (n=15)                                                                                       GMFCS III (n=14)                                                                                       *F*       *P*-value
  ---------------------------------- ----------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------ --------- ------------------------------------------------------
  Dimensions of diaphragm movement                                                                                                                                                                                                                                                                                                                                
   Spontaneous breathing (cm)        1.59±0.05[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}                                                1.4±0.05[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}                                                 1.11±0.08[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}    206.049   0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
   Deep breathing (cm)               2.60±0.29[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}                                                2.56±0.08[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}                                                2.26±0.06[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}    15.910    0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
                                                                                                                                                                                                                                                                                                                                                                  
  Respiratory functions                                                                                                                                                                                                                                                                                                                                           
   FVC (L)                           1.60±0.44[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}   1.43±0.06[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}   1.14±0.12[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}    107.852   0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
   FEV~1~ (L)                        1.40±0.04[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}   1.31±0.05[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}   1.12±0.07[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}    85.792    0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
   PEF (L/sec)                       2.72±0.09[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}   2.58±0.07[a](#tfn7-jer-14-6-998){ref-type="table-fn"},[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}   2.19±0.11[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}    124.308   0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
                                                                                                                                                                                                                                                                                                                                                                  
  Respiratory pressures                                                                                                                                                                                                                                                                                                                                           
   MIP (cmH~2~O)                     34.51±1.85[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}                                               32.61±1.53[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}                                               24.75±3.28[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}   69.284    0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}
   MEP (cmH~2~O)                     43.98±4.04[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}                                               43.80±2.07[b)](#tfn8-jer-14-6-998){ref-type="table-fn"}                                               34.99±3.11[b](#tfn8-jer-14-6-998){ref-type="table-fn"},[c)](#tfn9-jer-14-6-998){ref-type="table-fn"}   37.576    0.000[\*\*](#tfn6-jer-14-6-998){ref-type="table-fn"}

Values are presented as mean±standard deviation.

GMFCS, Gross Motor Function Classification System; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 sec; PEF, peak expiratory flow; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure.

*P*\<0.05.

*P*\<0.01.

Significant difference between GMFCS I and II (*P*\<0.05).

Significant difference between GMFCS II and III (*P*\<0.05).

Significant difference between GMFCS I and III (*P*\<0.05).

###### 

Correlation between dimensions of diaphragm movement, and respiratory functions and pressures in accordance with the GMFCS levels

  Variable                GMFCS I (n=14)   GMFCS II (n=15)   GMFCS III (n=14)
  ----------------------- ---------------- ----------------- ------------------
  Spontaneous breathing                                      
   FVC                    0.036            −0.260            0.104
   FEV~1~                 −0.432           −0.501            −0.217
   PEF                    0.099            −0.218            0.047
   MIP                    −0.030           0.419             0.108
   MEP                    −0.003           0.322             −0.261
                                                             
  Deep breathing                                             
   FVC                    −0.105           0.023             0.037
   FEV~1~                 0.006            −0.243            −0.058
   PEF                    −0.137           −0.190            0.077
   MIP                    −0.197           −0.142            −0.045
   MEP                    −0.175           0.298             −0.072

GMFCS, Gross Motor Function Classification System; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 sec; PEF, peak expiratory flow; MIP, maximal inspiratory pressure; MEP, maximal expiratory pressure.
